Introduction
Conjugative plasmids have been reported only recently in staphylococci. '-' Conjugation occurs on the surface of filter membranes, in liquid media containing high concentrations of polyethylene glycol (PEG), and after cells have been exposed to dry absorbent surfaces, including the skin. ' 9 ' * Three types of conjugative plasmids have now been reported in staphylococci. The first type consists of those that encode resistance to gentamicin (Gm'), kanamycin and neomycin and sometimes resistance to ethidium bromide and the production of penicillinase. These plasmids are also able to mobilise non-conjugative plasmids, and were first found in isolates from A m e~i c a "~-~ and later in isolates from Australia,8 Japan' and E~r o p e .~
The second type of conjugative plasmid encodes the production of diffusible pigment (Dip) and resistance to macrolides, lincosamides, streptogramin B and spectinomycin. Some of these also encode resistance to kanamycin, neomycin and streptomycin. Until now this type has only been reported from Australia and appears not to be able to mobilise non-conjugative plasm id^.^' l o The third type of conjugative plasmid was reported in an isolate from Nigeria.14 This type has no known phenotype other than that it is conjugative and can mobilise non-conjugative plasmids. To establish the relatedness of the three types of conjugative plasmids, representatives of each group were studied by restriction endonuclease analysis, incompatibility testing and DNA-DNA hybridisation. Plasmid pWBG613l' was used as a prototype of the Gm' conjugative plasmids and P W B G~~ as the representative of the DiP plasmids. 
Materials and methods

Bacterial strains
table.
Bacterial strains and plasmids used are listed in the
Media
Brain Heart Infusion Agar (BHIA), Brain Heart Infusion Broth, Trypticase Soy Broth and Mueller Hinton Agar were purchased from Gibco Diagnostics (Madison, WI, USA).
Plasmid transfer
were performed as described previously. tion, phage 85 was used.
Transduction, mixed-culture transfer and conjugation For transduc-
Isolation of plasmid DNA
This was performed by the cetyltrimethylammonium bromide (CTAB) method." For the isolation of large amounts of plasmid DNA, the caesium chloride-ethidium bromide density gradient method was used. * Cells from 1 L of an 18-h aerated culture were harvested and the DNA was isolated by the CTAB method with appropriately adjusted volumes for all reagents. Ethidium bromide was extracted from harvested, covalently-closed circular DNA and the caesium chloride was removed by dialysis' in TE buffer (10 m~ Tris-HC1,l mM EDTA, pH 7.9). fragment sizes were performed as described previously.20* 2 1
Restriction endonuclease analysis of DNA
DNA-DNA hybridisation
DNA was digested with EcoRI and the fragments were separated by agarose-gel electrophoresis. The fragments generated were then transferred to nitrocellulose paper (BioRad, Richmond, CA, USA) by the method of Southern.22 EcoRI-digested pWBG637 was labelled by nick translation with 20 pCi ( Q -~* P } dCTP (Amersham International, Amersham) and hybridi~ed'~ with plasmids pWBG642, pWBG613, pWBG4, pWBG615, pWBG652, pWBG620 and pWBG661. Filters were exposed to Kodak X-Omat film at -70°C.
Construction of plasmid p WBG636 (pWBG637; : Tn38S1)
Strain WBG523 carrying the Gm' transposon Tn385116 in the chromosome was used as a donor in a mixed culture transfer experiment with strain WBG4858-1 (WBG4858 lysogenised with phage J) carrying pWBG637. Selection was for transcipients resistant to gentamicin, rifampicin and fusidic acid. Transcipients were purified on selection medium and tested for their ability to transfer Gm' by conjugation to a suitable recipient. Agarose gel electrophoresis of transconjugants revealed that they carried a single plasmid. When these plasmids were digested with restriction endonuclease EcoRI, the pattern of the fragments indicated that it was pWBG637 carrying an additional 4.7 kb of DNA which corresponds to the size of a single copy of Tn385 1 inserted into the 9.4-kb EcoRI fragment of pWBG637 ( fig. 1A ). This plasmid was designated pWBG636.
Construction of plasmid p WBG642 (p WBG637: ; TnSS1)
Plasmid pI258 carrying transposon Tn55 1 was transferred into strain WBG4858 by transduction. One of the transductants carrying both pWBG637 and pI258 (WBG4889) was then used as donor in a conjugation 
Results
Restriction enzyme analysis Restriction digests of the three conjugative plasmids, pWBG4, pWBG613 and pWBG637 are shown in figs 1 and 2. Although no common fragments could be detected between pWBG637 and the Gm' plasmid pWBG613, the EcoRI digests of pWBG637 and the DiP plasmid pWBG4 had two fragments of similar size (arrows in fig. 2 ). However, no further relatedness could be seen when the plasmids were digested with HindIII, HpaII and ClaI ( fig. 2 ).
Incompa t ibility
To study further the relationship between the conjugative plasmids, the ability of pWBG637 to co-exist with the other conjugative plasmids in the absence of selective pressure was tested. Since could be used it was necessary to establish experiment with strain WBG4515 as recipient. Selection was for Em' and the chromosomal antibiotic resistances of WBG4515. Only Em' transconjugants which were sensitive to the other resistance determinants of pI258 were selected and analysed for plasmid content and their ability to further transfer Em' by conjugation. Of 10 transconjugants tested, eight still transferred Em' by conjugation. Each of these transconjugants was found to harbour a single plasmid. Digestion of the plasmids with EcoRI revealed that they were plasmid pWBG637 carrying an additional 5.2 kb of DNA which was consistent with a single copy of Tn551 inserted into the 9.4-kb EcoRI fragment of pWBG637. One of these plasmids was designated pWBG642.
Incompatibility testing
Plasmids pWBG636 and pWBG642 were transferred by conjugation into strains WBG311 (carrying pWBG4) and WBG2726 (carrying pWBG613) respectively. The resultant strains carrying two conjugative plasmids were subcultured on antibiotic-free BHIA. After 5-6 serial subcultures at 37°C on antibiotic-free medium, 227 single colonies were screened for the loss of Gm' and Em'. Incompatibility was detected by the loss of the resistance phenotype of either the incoming or the resident plasmid. Plasmid content was confirmed by agarose gel electrophoresis* pWBG637 does not have a phenotype Fig. 2 
A B
C D that transposition of resistance determinants to pWBG637 had not altered its incompatibility. Plasmids pWBG636 and pWBG642 were transferred separately into strain WBG4858 by conjugation and found to be incompatible with pWBG637. Plasmids pWBG642 and pWBG636 were then used in incompatibility tests with pWBG613 and pWBG4 respectively. The incompatibility of plasmids pWBG642 (Em') and pWBG613 (Gm') was determined by allowing strain WBG6144 (pWBG642) to conjugate with WBG2726 (pWBG613) and testing the transconjugants for loss of resistance to Gm and Em. Only six colonies out of 227 were found to have lost resistance to one or both antibiotics. This low frequency of loss was attributed to spontaneous loss of plasmids and not to incompatibility. Ten single colonies resistant to both antibiotics were analysed for plasmid DNA and found to contain two plasmids. One of these colonies was allowed to conjugate with strain WBG45 15 and selection was made for either Em'or Gm'. Of 227 transconjugants screened, none showed co-transfer of the nonselected marker, confirming the independent existence of both plasmids in the donor strain.
When plasmids pWBG636 (Gm') and pWBG4 (Em') were tested for incompatibility, the results were similar to those obtained with pWBG642 and pWBG613. Although both Gm' and Em' were maintained after subcultures on antibiotic-free media, it is possible that the Em' was not due to the presence of pWBG4 but to the transposition of the Em'-determinant of pWBG4 to the chromosome. l o To exclude such a possibility, ten colonies resistant to both antibiotics were analysed for plasmid content. Two plasmids were detected in all 10 colonies. Also both pWBG636 and pWBG4 transferred separately from one of these colonies (strain WBG4883-1) when allowed to conjugate with strain WBG4515, further confirming that the two plasmids existed independently in the same host.
DNA -DNA hy br idisat ion
The 32P-labelled pWBG637 hybridised with all EcoRI fragments of itself, pWBG620, pWBG661, and its antibiotic-resistant derivative pWBG642, but not with any fragments of the Gm' plasmids, pWBG613, pWBG615 and pWBG652 ( fig. 3) or the DiP plasmid, pWBG4 (not shown).
Discussion
Plasmid pWBG637, unlike other conjugative plasmids reported previously in S. aureus, is not known to encode resistance to any antimicrobial agent. However, it is able to mobilise non-conjugative plasmids. l4 Restriction enzyme analysis indicated that plasmids pWBG637 and pWBG613 were unrelated. Plasmids pWBG637 and pWBG4 appeared to have two common EcoRI fragments but analysis with HindIII, CZaI and HpaII failed to confirm any relatedness.
As plasmid pWBG637 lacks a selectable phenotype, it is not possible to select for it in transfer experiments. Previously, its transfer was detected by its ability to mobilise non-conjugative plasmids into suitable recipients and examining transconjugants for the presence of both ~1asmids.l~ This handicap was overcome by labelling pWBG637 with either Tn3851 (Gm') or Tn551 (Em') to generate plasmids pWBG636 and pWBG642 respectively. Insertion of the resistance transposons into pWBG637 did not alter its incompatibility or conjugation ability. These antibiotic-resistant derivatives of pWBG637 were found to be compatible with pWBG613 and pWBG4. As pWBG4 has been shown to be compatible with pWBG613", pWBG637 represents a third incompatibility class of conjugative plasmids in S . aureus.
DNA-DNA hybridisation failed to detect any homologous sequences between pWBG637, pWBG4 and pWBG613 and its related plasmids pWBG615 and pWBG652. However, two other conjugative plasmids, pWBG620 and pWBG661, from two different isolates (Udo and Grubb, unpublished results), hybridised with the probe indicating that plasmids similar or closely related to pWBG637 are present in other S . aureus isolates.
Previous studies have shown that the Gm' conjugative plasmids in the staphylococci are close1 related and may have a common ancestry. l 9 z24* 259 26 The lack of homology between pWBG637 and the Gm' and DiP plasmids suggests that pWBG637 has evolved independently of the other staphylococcal conjugative plasmids.
Plasmid pWBG637 was detected in a S. aureus strain isolated in Nigeria. l4 Although similar plasmids have been detected in other isolates from Nigeria (Udo and Grubb, unpublished results) it is probably premature to suggest that these plasmids are restricted to that part of the world. Similar plasmids may be present elsewhere but, because of their lack of resistance phenotype, have remained undetected. On the basis of present evidence, it appears that the Gm' conjugative plasmids have been more successful. This success may be because they encode resistance to Gm which is widely used in hospitals. However, attention needs to be drawn to the clinical significance of plasmids of the pWBG637 type. Although they do not carry resistances to any known antimicrobials they can effectively transfer resistance to other S. aureus strains by mobilising non-conjugative R-pla~rnids'~ and, as demonstrated in this paper, by acting as a vehicle for the transfer of resistance transposons. Although it has not been demonstrated that plasmids of the pWBG637 type have acquired and transferred transposons in nature, such events cannot be discounted. Similar events have been shown to occur in Providencia stuartii2' and this has been suggested as the route of evolution of resistance plasmids in Haemophilus influenzae2 and Neisseria gonorrhoeae. 29 It is also possible that plasmid pWBG637 may have other biological functions as yet undetermined to warrant its carriage in the bacterial population. In the meantime it is important to recognise that pWBG637 represents a new class of conjugative staphylococcal plasmids which although not carrying any resistance determinants of its own is able to transfer resistance determinants to other strains. 
